ABSTRACT -Physiological potential characterization of seed lots is usually performed by germination and vigor tests; however, the choice of a single test does not reflect such potential, once each test assesses seeds of differentiated mode. Multivariate techniques allow understanding structural dependence contained in each variable, as well as characterize groups of seed lots according to specific standards. The study aimed at evaluating variability among soybean seed lots and discriminate these lots by multivariate exploratory techniques as function of seed vigor. Experiment was performed with 20 soybean seed lots (10 lots cv. BRS Valiosa RR and 10 lots cv. M-SOY 7908 RR). Seed physiological potential was assessed by testing for: germination (standard, and under different water availability); vigor (accelerated aging and electrical conductivity); and field seedling emergence. Cluster analysis of seed lots, as well as Principal Component Analysis was performed using data obtained on all tests. Multivariate techniques allowed stratifying seed lots into two distinct groups. Principal Component Analysis showed that values obtained for variables: field seedling emergence, accelerated aging, and germination under different water availability were linked to BRS Valiosa RR; while to variables germination and electrical conductivity, were linked to M-SOY 7908 RR. 
Introduction
The use of high quality seeds is an essential component on the establishment of any farming system type; and high seed physiological quality is the most important component to ensure an appropriate plant population in the field, and consequently allow for the expression of maximum productive potential of a given crop under a wide range of different environmental conditions. Currently, the low quality of soybean seeds is no longer a limiting factor for the establishment of an adequate plant stand in the field. This is due to factors such as: high genetic potential of cultivars currently marketed; supervision of seed production fields by competent bodies, associated to quality control programs; and commitment of seed producers on ensuring their product is competitive on the market. Thereby, the use of high physiological quality seeds becomes a common practice among soybean producers. In extensive cropping, the main limiting factor to soybean production is the water availability; once water is essential to seed germination process. When soil moisture content is suitable, the seed germination process and plant emergence occur more quickly and evenly. In function of pre-determined periods for crop installation, soybean seeding may be performed in soils that do not have suitable moisture. However, water deficiency may impair the adequate establishment of plant stand in the field, and consequently lowering production. Moreover, seeds may be subject to infection by microorganisms or to attack by soil insects; what exacerbates the problem.
Front of a great amount of different seed lots, the choice of seeds for sowing cannot always be done by observing only the performance potential assessed solely by germination test or by a single vigor test. A more comprehensive analysis of these seeds might be useful and necessary; since in the choice of a seed lot it should be considered more than one single test available to assess potential performance of the seeds of each seed lot.
When seeds are subjected to different situations, they might show variable reactions, which are specific to each assessment test (Vieira, 1994) ; and application of the Multivariate Analysis allows discriminating the seed lots having common characteristics, and decide whether these seeds will be used for consumption or sowing.
Multivariate techniques are often associated to the problem of how to reduce the original space to minimum dimension numbers needed to description of relevant information contained in the original observations. Different types of Multivariate Analysis (PCA, Factor Analysis, Discriminant Analysis, Cluster Analysis, among others) utilize appropriate models to solution and interpretation of the original variables to obtain specific conclusions (Manly, 2008) .
Multivariate technique of Cluster Analysis is used to explore similarities among individuals, among variables (Landim, 2003) , or among seed lots. Results of Cluster Analysis are arranged hierarchically, and are generally summarized in a structure called dendrogram (Johnson and Wicherns, 1998) . The use of Cluster Analysis is especially useful in exploratory search, in which a priori is held the collection of data not belonging to distinct groups (Alves, 1999) .
Principal component analysis is intended to derive a small number of linear combinations (principal components) of a set of variables that retain many of the existing information in the original variables. Thus, this analysis may also be seen as an attempt of evidencing the approximate linear dependences existing between variables. Often a small number of principal components may be used to replace the original variables, to draw graphical representations, regression analysis, cluster analysis, factor analysis, among others (Conagin et al., 2006) .
The objective of this study was to explore the variability and discriminate soybean seed lots, in function of seed physiological potential by exploratory multivariate techniques.
Material and Methods
Soybean seeds were obtained at Farmers Cooperative of the Orlândia Region. For the tests, 10 soybean seed lots of cv. BRS Valiosa RR, and 10 of cv. M-SOY 7908 RR were used. In the laboratory, seeds of each lot were removed from their original packaging, and immediately homogenized, sampled, and stored into multiwall papers bags. Subsequently, seeds of each sample were subjected to the following tests:
Moisture Content: was assessed by the oven method, at 105 ± 3 °C for 24 h (Brasil, 2009) . Two replications of approximately 20 g of seeds were used for each seed lot. Results were expressed as percentage (wet basis).
Germination: was carried out with four replications of 50 seeds, to each treatment. The seeds were evenly distributed upon two sheets of paper moistened with distilled water at a ratio of 2.5 times the dry substrate mass, covered with another sheet. The rolls were placed into a germinator at 25 °C. Percent germination was assessed on the fourth and the eighth day after test start (Brasil, 2009) . Results were expressed as percentage of normal emerged seedlings.
Accelerated aging: this test was conducted following methodology described by McDonald and Phaneendranath (1978) , into 11 × 11 × 3.5 cm plastic germination boxes used as individual compartments (mini-chambers), to which were added screens of stainless steel fixed to the upper edge, and 40 mL of deionized water in the bottom. Seeds previously treated with carbendazim + thiram were then distributed evenly in a single layer on the screen surface. Then the boxes were capped, and kept into a germination chamber, adjusted to 42 °C, for 48 h. After this period the seeds were subjected to standard germination test. Test was performed with four replications of 50 seeds each, and assessment was performed on the fifth day after test start. Seed moisture content was determined after the accelerated aging.
Electrical conductivity: was carried out using four replications of 50 seeds each, which were weighed on an analytical balance with 0.01 g precision. The seeds were immersed into 75 mL deionized water and kept at 25 °C into an incubator chamber, for 24 h, to allow leaching process. After this period, electrical conductivity reading was measured in the solution with aid of a digital conductivimeter. The results were expressed in µS.cm -1
.g -1 seed (Marcos-Filho and Vieira, 2009). Field seedling emergence: the test was performed in an experimental area and conducted with four replications of 50 seeds, to each seed lot. Seeds were previously treated with thiram + carbendazim, and manually distributed into furrows 1.5 m long, with 25 cm spacing and 2 to 3 cm deep. Assessment of seedlings emerged was performed on the fourteenth day after sowing (Nakagawa, 1999) .
Germination under different water availability levels: this test was conducted with four replications of 50 seeds each, to each treatment. Seeds were sown into rectangular plastic trays with dimensions of 28.5 × 18.5 × 10 cm tall containing a soil composed by the mixture of 62% sand, 5% silt, and 33% clay. To control water available the most important feature to be considered is the soil porosity when the effect of different levels of water availability needs to be assessed. Porosity is related both to soil density and density of particles, and was computed by following equation:
Pt is total porosity; sd is soil density; and dp is density of particle. According to level that the substrate reaches inside the box, empty box was filled with water to the mark, thereby obtaining the volume occupied by the substrate; soon after, the volume of water was measured with a volumetric flask, expressed in liters. The mass was obtained by weighing with balance of precision 0.1 g. Soil density was determined by the volume × mass -1 ratio, and the results expressed in g.L -1 . The density of particle was determined by the method of volumetric flask (Embrapa, 1997) .
After determining the amount of soil pores contained in the trays, the different levels of water availability, which were constituted by 20, 40, 60 and 80% of the total pores filled with water, and corresponding to water potential levels of: -1.0, -0.6, -0.4 and -0.02 MPa were established. Considering these values as well as the evaporatranspiration effects daily monitoring were conducted by weighing the trays, for these previously established values were kept constant throughout all the study.
Data were tested, firstly, for normality (Shapiro-Wilk test) and homoscedasticity (Cochran test) and was subjected to ANOVA in a completely randomized design. The means were compared by Tukey test, at 5% probability separately for each cultivar, to check the efficiency of the procedure of water stress.
In function of factors as: number of variables; need of improving comprehension of factors influencing seed physiological potential; and improving exactness of discrimination between seed lots, the exploratory techniques of multivariate statistics were applied through the Cluster Analysis and the Principal Component Analysis to discriminate the seed lots with better physiological quality, and to characterize the variables responsible by the discrimination. Multivariate analyzes were only performed after standardization of variables in which each one was with mean 0 and variance 1. Subsequently, using the data of all batches was processed hierarchical cluster analysis (Sneath and Sokal, 1973) considering as a measure of similarity between pairs of lots the Euclidean distance and the UPGMA (Unweighted Pair Group Method with Arithmetic Average) as the connection mode between the groups.
Principal component analysis allows to condense as much of the original information contained in p variables (p = 7, this study) in two orthogonal latent variables called principal components, which are linear combinations of the original variables created with the two largest eigenvalues of covariance matrix (Hair et al., 2005) . Therefore, the initial set of seven variables passed to be characterized by two new latent variables, which enabled their location in two-dimensional figures (ordering of accesses of the principal components). The adequacy of this analysis is verified by the amount of the total information of the original variables retained by the principal components showing eigenvalues greater than unity (Kaiser, 1958) . Eigenvalues lower than the unity does not preserve the relevant information.
All statistical analyzes were processed using the STATISTICA version 7.0 (Statsoft, 2004) .
Results and Discussion
Mean of results obtained for the different variables studied are presented on Table 1 . That the means obtained for seed moisture content before accelerated aging test (BAA) were different among distinct seed lots assessed, ranging from 11.6% (L8) and 12.6% (L3) to cv. BRS Valiosa RR; and between 11.1% (L4) and 12.8% (L7) to cv. M-SOY 7908 RR (Table 1) . However, according to small variations on seed moisture content do not interfere on results of vigor tests; although uniformity of seed moisture percent is essential for obtaining consistent results (Barbosa et al., 2012) . The same has occurred with seeds assessed after the accelerated aging, since it was verified that the seed moisture content variation was also similar on both cultivars assessed. Percentage values obtained for cv. BRS Valiosa RR have ranged between 28.0% (L3) and 29.4% (L2), and between 27.6% (L3) and 29.7% (L10) to cv. M SOY 7908 RR (Table 1) ; however, not exceeding the limit of maximum variation tolerated, which according to Marcos-Filho (2005) is three to four percentage points. Table 1 . Means obtained by the tests of: moisture content (before and after accelerated aging test); germination; accelerated aging; electrical conductivity; seedling emergence in field; and seed germination under different water potential levels, in seeds of 10 different seed lots of two soybean cultivars.
*Means followed by the same letter in columns do not statistically differ between each other by Tukey test, at 5% probability; BAA = before accelerated aging test; AAA = after accelerated aging test; G = germination; AA = accelerated aging test; EC = electrical conductivity test; SEF = seedling emergence in field; GWP = germination under water potential; CV = coefficient of variation.
The lots of soybean seeds presented similar physiological performance, because no difference was detected between all lots for both the cultivars, except for the variable germination conducted under the potential of -0.4 and -0.02 MPa (Table 1 ). The germination was above the established for commercialization of soybean in Brazil, namely, 80%. The germination test, conducted under favorable conditions (water availability, temperature and oxigen) can overestimate the performance potential and do not indicate the actual state of deterioration of the seeds (Marcos-Filho, 2005) .
Both vigor tests used (AA and EC), as well as the test of seedling emergence in field (SEF) were also unable on detecting differences in the physiological seed quality (Table 1) . Thereby, all seed lots assessed for both cultivars were classified as high vigor; thus corroborating the efficiency of the current production of soybean seeds with high quality in Brazil.
The germination of soybean seeds conducted with potential of -1.0 MPa was not effective in highlighting lots because not allowed seedling development. In this potential the water availability was not suitable for the seed to complete the process of soaking. As consequence of this water deficiency the process of germination was interrupted, and besides seeds were infected by soil microorganisms mainly by fungi from Aspergillus and Penicillium genera. Therefore, results obtained in this test were not shown and nor included in the procedures of the cluster and principal components analysis. ML4   ML8  ML6  ML5  ML7  ML2 ML10 ML9  ML3  ML1  VL4  VL9  VL10  VL8  VL7  VL6  VL5  VL3  VL2 The results of germination conducted under the potential of -0.6 MPa highlighted the lot L3 BRS Valiosa RR and the potential of -0.4 MPa, L4 'M-SOY 7908 RR' with low vigor. These results are not in agreement with the mere comparison to the other tests, which detected no differences in performance between the lots. Additionally, the test was not able to detect this same difference pointed out by the potentials of -0.6 and -0.4 MPa. This occurs because we worked with lots that had high potential performance, so some factor uncontrolled can mask these results, sometimes elevating the results and sometimes underestimating them.
However, when seeds were germinated under the -0.02 MPa water potential the mean values obtained for germination have varied significantly among nearly all seed lots of both cultivars assessed (Table 1) . Oxygen deficiency in some cases, may cause seed decay and impair the germination process. Moreover, seed decay may also delay seedling development and provide favorable environmental conditions to development of fungi present in the soil.
For bean (Phaseolus vulgaris L.) seeds, lots submitted to regimes of absence of oxygen for periods of 16 to 48 h, the germination was severely impaired. These lots showed decrease of germination of up to 68% (Custódio et al., 2002) . Thereby, it is possible that for soybean seeds or any other plant species similar results may be obtained, since O 2 is essential for respiration and to obtain energy for the seeds can complete the germination process (Carvalho and Nakagawa, 2012) .
Other studies have emphasized the efficiency of germination under different water availability as a procedure for the assessment of seed vigor. This procedure showed a high correlation with other tests (Schuab et al., 2007) . Furthermore, showed an efficiency similar to accelerated aging test, in assessing the effect of soybean cv BRS 245RR at potentials of -0.1 or -0.3 MPa at 25 °C, or -0.3 MPa at 30 °C (Costa et al., 2012) .
In function of the expressive variation in the values of the Euclidean distance, among the seed lots for the set of variables considered, it was possible to divide the original set into two groups: I and II (Figure 1 ) by adopting the threshold distance of 3.9 ( Figure 2) ; and these groups have revealed a fairly meaningful result: the ordering of seed lots in function of cultivar. In group I were concentrated the seed lots belonging to the cultivar M-SOY 7908 RR, and in group II the seed lots belonging to cultivar BRS Valiosa RR. On Figure 3 is shown the biplot graph, resulting from the principal components analysis, showing the correlation of the cluster analysis on the splitting of the seed lots into two distinct groups. The two principal components (PC1 and PC2) were able to hold together 65.9% (48.7% by PC1 and 17.16% by PC2) of the original variability. The discriminatory power of the variables in each principal component is measured by the correlation between each variable and a principal component. The germination variables (correlation equal to -0.84) and electrical conductivity (correlation equal to -0.84) ( seeds of those lots presented problems related to integrity of membrane systems, which was evidenced by the electrical conductivity test. Therefore, this may explain the reason why the germination of the seeds of those seed lots were not in agreement to the vigor tests based on water stresses, such as the accelerated aging test, and even the germination of the seeds performed under water stress.
According to results obtained for germination under the different water availability, the lot L4 (cv. M-SOY 7908 RR) has shown low performance; once it has presented specific characteristics that have not correlated it with the other seed lots; thereby, making that cluster analysis, as well as the principal components analysis, were able of excluding it from the group.
The clustering and the distribution of the seed lots by the principal components analysis have demonstrated the formation of two distinct groups of cultivars; which have been discriminated by genetic patterns and by the good results obtained for physiological performance of the seeds assessed by the tests of germination and vigor.
The multivariate analysis techniques have been employed in areas such as genetics and plant breeding; however the studies with this type of analysis related to the area of seed technology are still scarce in the literature. Therefore, this study is an attempt to introduce multivariate techniques to discriminate large sets of seed lots.
The principal components analysis has already been successfully employed to study variability between the origin of the soybean seed lots and the chemical composition of their seeds (Carrera et al., 2011) ; to describe the profile of market of wheat seed producing companies (Acosta et al., 2002) and also on identifying a western wheatgrass germplasm [Pascopyrum smithii (Rydb.)] with high production of seeds (Robins et al., 2012) .
According to the obtained results, further research become essential for the use and validation of the method. The consideration of all evaluation tests performance potential of seeds to explore and describe the variability of lots proved possible, and that can be used to eliminate the subjectivity of discrimination lots considering variables individually.
Conclusions
Techniques of multivariate cluster analysis and principal components analysis are efficient tools for discriminating lots of soybean seeds.
Multivariate techniques were able to stratify the seed lots into two distinct groups. Assessments of seedling emergence in the field, accelerated aging, and germination under different water availability were associated to group of the cv. BRS Valiosa RR by the principal component analysis; whereas germination and electrical conductivity were associated to the cv. M-SOY 7908 RR. Assessments of seedling emergence in field, accelerated aging and germination under water stress, under potentials of -0.6, -0.4 and -0.02 MPa showed a correlation equal to 0.81, 0.83, 0.30, 0.58 and 0.47, respectively (Table 2) , and were then considered as responsible by the discrimination of group II, located to the right of PC1 (positive correlation) (Figure 3) . Thereby, group II is characterized by seed lots that have seeds with greater potential to germinate under adverse conditions, in function of its performance and its good correlation with the vigor tests performed under water stress. This way, tests based on stresses such as the accelerated aging test might provide accurate information about physiological potential of the seeds, and may also be used as a tool on deciding if seeds are suitable for storing or sowing; even under adverse environmental conditions.
In the second principal component, the seeds germinated under water stress, in the potentials of -0.6 and -0.4 MPa showed correlation values of -0.83 and -0.59, respectively and have discriminated the seed lots that tended to bottom of the biplot graph (Figure 3 ). This indicates that the seeds of these lots have greater ability to germinate under conditions of low water availability. This relationship is not as obvious as those presented for the PC1; since this component retained most of the information contained in the variables of the experiment. Hence, by retaining only 17.16% of the total variability of experiment, in relation to the PC1, the PC2 has expressed little action in the discrimination of groups.
